Introduction
Status epilepticus (SE), one of the common neurological emergencies, if not promptly and adequately treated, is characterized by an high mortality and morbidity.
1 SE has been defined as an epileptic activity that continues for more than 30 min, either as a single seizure or a recurrent seizures without inter-ictal recovery of consciousness. 1, 2 Neuroimaging is a tool frequently used in the evaluation of patients with epilepsy to detect a possible underlying structural lesions. Magnetic resonance imaging (MRI) findings attributable to SE may provide insight into the mechanism of SE and associated neuronal damage. 3 However, changes in brain CT or MRI may occur after seizures in absence of a structural lesion. These abnormalities, that follow SE, most often are transient, though in a few cases have been described as permanent. 4 Signal changes have been observed not only in the areas primarily involved in seizure activity, but also in remote areas functionally connected to the epileptogenic cortex. 5 We report the case of a 41-year-old woman with a history of cerebral neoplasm whose images of magnetic resonance following repeated and incoming seizures showed either reversible and irreversible MRI abnormalities.
Case description

Patient
A 41-year-old right-handed woman was conducted to the emergency room because of recurrent episodes of deviation of the head and the eyes towards the right, associated with tonic-clonic contractions of the left limbs. The patient 6 years before the admission underwent twice neurosurgery and stereotaxic brachytherapy for a brain neoplasm (anaplastic astrocytoma grade 3) of the right frontal-temporal region. Clinical picture, after these treatments, resulted in a mild motor aphasia and a left hemiparesis.
When the patient was first seen, she was fevering (38.58), lethargic but arousable with verbal stimuli, and worsening of the left hemiparesis and motor aphasia were observed. She was taking phenytoin (50 mg per day) and, because of a panhypopituitarism, cortisone acetate (50 mg/day). Because of recurrent seizures we immediately started a continuos i.v. infusion of lorazepam. Furthermore, because of fever the patient was treated with ceftriaxone i.v. A brain CT scan, performed at the emergency room, showed only the outcomes of previous operations. Electroencephalogram (EEG) recorded asymmetric activities characterized by repetitive slow waves over the right fronto-temporal regions and by sharp waves with high amplitude on the centro-temporal sites of the left hemisphere.
The day after the admission a brain MRI (a 0.5-Tesla tomograph with DP-T2w (TR: 2500 mS; Eco 1: 25 mS; Eco 2: 100 mS), T1w (TR: 580 mS; TE: 14 mS), FSE (TR: 3003 mS; TE: 110 mS)) was initially interrupted because of repeated incoming seizures. Seizures were characterized by deviation of the head towards the left, rigidity of the lets arms and automatic movements of the lips. During the interval separating seizures the patient apparently never regained consciousness. Immediately after intravenous midazolam administration seizures stopped, and a brain MRI integrated with gadolinium infusion was carried out.
The T2w images ( Neuroimaging, an important diagnostic tool frequently used in the evaluation of patients with epilepsy, has mainly the aim to identify structural abnormalities needing a treatment and to contribute to the definition of the aetiology. Brain magnetic resonance imaging (MRI) in epilepsy is more sensitive than computerized tomography (CT) scan for detecting abnormalities.
Status epilepticus (SE) and repeated incoming seizures may determine extensive and transient or long lasting pronounced MRI changes.
We describe a case of a 41-year-old woman with a history of brain neoplasm, whose contrastenhanced MRI images following repeated and incoming seizures were characterized either by reversible and irreversible abnormalities.
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contrast images showed leptomeningeal enhancement, prevalent in the frontal regions. The hyperintensity had not a vascular distribution and, though it involved only the right hemisphere, it was suggestive for an inflammatory process. A cerebrospinal fluid examination showed normal manometric, cytologic and biochemical parameters. Negative was also the search for viral agents in the CSF (CMV, Coxsackie, Measles, Parotitis, Epstein Barr, Herpes simplex). Other neuroimaging investigations (epiaortic colordoppler ultrasound), as well as all other laboratoristic tests performed were negative as search for antibodies against neurotrophic viruses (CMV, Coxsackie, Measles, Parotitis, Epstein Barr, Herpes simplex) and autoantibodies titres.
A magnetic cerebral angiography (MRA) was performed though the quality of the images was poor due to movements of the patient.
During the following days seizures frequency slowly and progressively decreased until a total remission was obtained after 11 days when a therapeutic dosage of antiepileptic drugs was reached (total daily dose of phenytoin 500 mg and phenobarbital 300 mg).
Despite the patient had no more clinical seizures, follow-up MRI performed 8 and 18 days later were still unchanged. Only 23 days after first MRI a resolution of cortical enhancement was observed, though a persistence of bilateral dural enhancement was still evident.
Electroencephalogram, in agreement with the clinical improvement, showed a decrease of slow activities and initial reappearing of alpha rhythm.
A follow-up MRI (Fig. 2) carried out 30 days later showed a resolution of the right cortical enhancement. MRI still showed the malacic area in the right hemisphere, a bilateral enhancement of meninges and, in the right parietal lobe, a millimetric nodule with contrast enhancement surrounded by perilesional oedema.
During the hospitalisation all other EEGs performed were unchanged compared to the last described.
Discussion
We describe the case of a woman with transient (gyriform cortical hyperintensity) and long lasting MRI abnormalities (dural enhancement) observed during incoming and repeated seizures that, in absence of an active cerebral disease, were interpreted as result of seizure activity itself. The last follow-up MRI showed in the right parietal lobe the presence of a millimetric nodule with contrast enhancement surrounded by perilesional oedema. This is compatible with recurrence of the brain tumor. Unfortunately we could not carry out other tests, as the patient after significant improvement was sent to a rehabilitation center. We cannot exclude that seizures could have their origin from this nodule. More difficult was the explanation of the early abnormalities seen in the first and following MRI, that deserve further discussion.
Since Penfield first description of brain changes during epileptic activity, 6 transient MRI or CT abnormalities associated with seizures have been reported. [6] [7] [8] [9] [10] [11] Though most frequently the damage caused by SE is reversible, it may also lead to permanent brain damage. These include focal brain atrophy, cortical laminar necrosis and mesial temporal sclerosis, most frequently occurring in generalized convulsive status epilepticus. 12 The pathogenesis of MRI transient lesions following SE or repeated seizure is unknown. [7] [8] [9] [10] [11] 13 MRI cortical alterations, occurring during or following SE or seizures, might reflect different processes, attributable to vasogenic or citotossic oedema. It has been hypothesised that brain oedema might have been caused by the release of excitatory amino acids (such as glutamate), 14, 15 an increase of membrane ion permeability, 16 or an insufficient activity of the Na + /K + -ATPase pump. 17 Alternatively these findings might be related to an increased cerebral blood flow following SE. 8 The persistency of the dural enhancement, rarely reported and mostly described as short lasting, in our case is reasonably attributable to an alteration of the blood-brain barrier, due to brachytherapy, multiple brain operations and the febrile status, a factor that plays an important role either in the control of epileptic seizures and in the seizure-related brain damage. 18, 19 In our case together with MRI permanent abnormalities, we observed an uncommon figure represented by the long lasting dural enhancement. 12 Our case is exemplar when we consider that MRI findings in patients with SE might sometimes be hard to interpret. MRI might show in fact not only cerebral lesions responsible of SE, but it can also show abnormalities that are consequences of SE, providing elements related to SE itself.
The advent of high field MRI, characterized by high sensitivity to reveal abnormalities topographically compatible with clinical seizure and EEG findings, 12 apparently make less interesting contrast enhanced MRI sequences. However, we believe it still worth mentioning changes of the low-field MRI, resembling alterations close to inflammatory or vascular disorders.
